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The success of a «ater project
depends on the suitability of the water
.. source that is chosen to serve the com-
munity. The selection of the most
appropriate source is very important
and requires that all available water
Sources trat could serve the community
ke identified, and the most approprixzte
source be selected. A source should be
selected only if (a) it meets the needs
of the users, (b) is easily accessible
to them, and (c) can be deveioped at an
affordatle cost.

This technical note suggests guide-
lines for choosing the most appropriate
surface water source for a community.
It describes methods for measur ing the
quantity of water availzole from a sur-
face source, and establishes four
priorities for source selection that
wiil help ensure the selection of the
best source at the lowes: development
cost.

Determiming Quantity of Water Available
In considering a water source, you_._
Iust first fince ouv now much water it

vields, whether it provides enough
d2ter to meet comrunity needs and
whether £t iIs reliabie during the
entire year.

Springs. To determine the suitabil-
ity of 2 spring, it is necessary to
¥nod how much water it will yi=14, and
how well It will ¥eep up its Jlow in
dry weather.

The yieiZ is measured by a very
simplie method. First, channel
the sprirg®s flow n=c a smail,
hollowed-out colliection basin tha*t is
damzed at one end. W¥ake sure that the
basin eoilects all a2vailablie flow.
Flace an overflocw pipe Through the dam
SC that the coliected water flows
freely through the pipe, zs shown in
Figure 1. ¥ake certz’n there 1s ro
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7DISIHFECTION - Destruction of harmful

~

(Useind Definitions

micro-crganisms present in water,
through physical (such as boiling) or
chemical (such as chlorination) means.

HEAD - Difference in water level bet-
ween the inflow and ocutflow ends of a
water system.

HYDRAULIC RAM - A self-powered pump
which uses the energy of falling water
to 1ift some of this water to a level
above the original socurce.

POTABLE WATER ~ Water that is free from
harmful contaminants, is aesthetlically
apoealing, and is good for drinking.

RECHARGE - Natural process by which
quantities of water are added to a
source to form a balance between inflow
and outflow of water.

WATER BALANCE - Balance of input and
output of water within a given defined
hydrological area such as a pond or
lake, taking into account changes
Qaused by storage. )




leakage arcund the pipe. Then, put a
bucket of 2 kncen volume {(for example,
a 10-liter bucket) under the pipe toO
catch ithe flow. With a w€watch, measure
the amount of time it takes for the
nucket tc f111. CDivide the volume of
water by the amount of time to find the
rate of flow in 11%ers per minute. For
exampie, if the 10-liter bucket filis
in 45 seconds, the rate of flow is:

10 liters
seconds

= 0.22 liters/second

0.22 1iters/second x 90
seconds/minute = 13.2 liters/minute

It is then easy to determine the
volume of water available during 2
24-hour period. Multiply the number of
liters per minute by 60 minutes per
hour to fisu liters per hour. For
example:

13.2 liters/minute x 60 minutes =
792 liters/hour

Then, take the flow in liters per hour
and multiply %t by 24 hours per day to
find the daily flow. For example:

792 liters/hour x 28 hours/day =
19008 liters n»er day

Compare this amount to the daily
needs of the community. The daily need
is computed by multiplying the number
of users by the number of liters each
person will use in one day. Por
example, if there are 300 people using
50 liters per day, the daily water
usage is 12000 liters. A spring with a
daily flow of 19008 liters and a
storage tank would be more than enough
to me~t the needs of a2 community of
this size.

Ponds, Lakes and Res-rvolrs. The
amount of water available in a small
pond, lake or reservoir can be roughly
estimated by a simple method. An
example to follow is shown in Pigure 2.
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1. Lay out a rectangular shape
around the body of water approximately
its size.

2. Beasure the length and width of
the rectangle and multiply the two num-
bers to find the area of the rectangle
in square meters. Por example, if the
length i{s 30m and the width 20m, the
area is 600m<.

3. The depth of the source should be

. measured at the deepest point and
. the average depth calculated. The

average depth is found by multiplying

. the greatest depth in meters by 0.4,

If the deepest point in the pond

i» measures 3m, the average depth is 3m x
-‘7 ‘oa‘ = l.a.

5. The amount of water in the source
1s measured in cubic wmeters and is
calculated by multiplying the area (m2)
by the average depth (m). In the
example, the area is 600m and the
average depth _1.2m. The volume of

. water 1s 600m2 x 1.2m = 720m3.

" tion, and seepage.

5. A basic rule to follow is that
the volume of water available
is generally about 80 percent of tae
total volume of water in the pond or
lake. The other 20 percent is usually
lost through evaporation, transpira
To find the volume
of water available for use, multiply
the total volume of water by 80 per
cent. For example, .80 x 720m3 =

}:”576-3-

6. There are 1000 liters of water
per cubic meier (1000 liters = 1m3).
In the example, the water awvailable for

use in liters is:

576m3 x 1000 = 576000 liters.

Compare the estimated amount of
water available to the amount needed by
the community and estimate how many
months the source will orovide water
for a2 community without recharge. This
determination will assist in planning
for times when there is no rain. 1I1f
Possible, a source should contain at

least a six-month storage supply. To
refine further the estimate of the
source’s yield, find out its hisiory
during the wet and dry seasons. Note
any major fluctuations in water level
and be prepared for them when planning

to develop the source.

For example, if 100 people use 40
liters per day each, or 8000 liters
total, we can determine their wmonthly
water usage and the number of months
the pond will supply sufficisnt water.
To do this, multiply the total daily
usage by 30 days per month:

8000 liters x 30 days/month =
120000 liters/month

Then divide the total nmber of liters
available by the number .f liters used
in a2 month to find the mmber of months
the source will last without recharge:

575000 liters

= §.8 months
129000 Iiters/month

In the example, the source would

supply storage for approximately five
months without normal recnarge. That
is, unless there were rain, the pond
would dry up in five months. When con-
sidering pond or lake development, it
is mecessary to take into account rain-
fall and recharge rates to make sure
the source 1is suitable.

Rivers and Streams. Simple methods
are available for determining the flow
of water in a stream or river. Por
smaller streams, the same method as for
spring flow can be used. That 1is, a
dam with an overflow pipe can be built
and the flow can be found by seeing how
long it takes for a bucket of known
volume to fill with water.

There is another method for deter-
mining flow in small streams with
slightly greater flow. It is called
the V-notch method. A V-shaped notch
with a 90° angle is cut out of a flat
piece of metal or wood and placed in
the middle of a dam so water flows




through the notch as shown in FPlgure 3. ( \

A gauging rod is placed in the stream 2
to 3m upstream from the dam. The zero Table 1. Flow Oves 2 99" V-Noich
point on the rod must be level with the
bottom of the notch. The depth of the
water from the bottom of the notch, the g::g?t(:’:‘) :lg;ngl;iters/
zero point, to the water level can be
read from the gauge. Table 1 gives the
flow per second for a given height. 50 0.8
This i-iformation will help determine 60 1‘2
the amount of water available for an 70 1‘9
intake in a stream or river. 80 2:6
90 3.4
4 100 8.5
: _ 110 5.6
: %0 ' 120 7-0
\O/ 130 8.6
1k0 10.3
150 12.3
i \a
Ueeal or wOOG phite second stick. Repeat this test three
oS0V -noach = times and take the average. The flow

in liters per second is calculated
using the follosing forwula:

850 x measured length x width of the
stream x average depth
- - average time

FPor example, to measure the flow of
a stream 1lm wide with an average depth
of 0.3m, place two sticks on the bank
approximately 3m apart. Throw a
floating object into the middle of the

O mamer desemnes Bomen of V- o stream at the first stake and measure
second save levels 25 O how long it takes to travel the 3m
on gaupng 130 distance. Take the measurement three
times. Assuming the object takes an
k@tlm&-ﬂw ) average of 20 seconds to float 3m, use
the equation to deter mine river rlow:

850 x 3m x 1lm x -Jm = 38.25 liters/
If the flow is too great to use the 20 3825 second
V-notc¢h, there is another, less

accurate, method that can be used. To find out if the flow will be suf-
This method iIs not nearly as accurate ficient, determine the daily demand for
as the others and should be used only water and the volume of avalilable

when measuring flow in larger streams. water. The flow in liters per second
Pind a straight, wide stretch of a can be converted to flow per day by
stream and measure a length along the using the following formula:

bank. Place a stake at each end of the

measured distance as shown in Figure 4. liters/second x 60 = liters/minute;
Throw a floating object into the stream liters/minute x 60 = liters/per

at the first stick and time how long it hour ;

takes for the object to reach the liters/hour x 28 = liters/day.




Figwe 4. NMesswing Lasge Siscam Flow

Rain Catchments

When considering a rain catchment as
a source for a water supply, first
determine individual needs. This is
done by multiplying the number of
people in the family that will use the
System by 15 liters per person. If
there are six people in a family using
15 liters of water per person per day,
the total demand for water is 90
liters:

15 liters/person/day x 6 persons =
90 liters/day.

The second step is to figure out how
nuch water will be available.
Determine the area of the catchment
area by multiplying the length of the
roof by the width. The width is the
length of the base of the triangle
Tormed by the roof. ¥For example, if
the length of the roof is 8m and the
width is 6m, then the area of the roof
is #8m2,

Next, determine the amount of annual
rainfall for the region. This should
be available from a local government
agency, a weather station or an air-
port. Multipl; the amount of annual
rainfall by the area of the roof catch-
ment to find the amount of water

available for consumption. PFor
example, assume that 750mm, or .75m, of
rain falls on a & catchment area.
The quantity of water available for use
is .75= x & = 36m3. To convert

36m3 to liters, multiply by 1000:

36 x 1000 = 36000 liters/year.

Not quite all the water will be
collected. Some splashes to the ground
and some evaporates. Por planning pur-
poses, assume that 20 percent of the
water is lost. %Then the amount of
water actually available 1is 28800
liters. This is cal-ulated by
multiplying the amount available, 36000
1iters, by 0.80:

36000 liters x .80 = 28800 liters.

To make the nmmbers easfier to work
with, divide the total guantity
avallable either by 12 to get liters
per month or by 365 to get liters per
day:

28800 liters/year . 2400 liters/month
12 months/year

28800 liters/year = 79 liters/day
. ys/year

A cistern sust be constructed to
store the water collected by the catch-
ment. For information about storage
see "Methods of Storing Water,”™
REéS.5.M, and "Determining the Need for
Water Storage,® RWS.5.P.1.

Compare the total available gquantity
to the demand for water and determine
if family needs can be met using a roof
catchment system. Each person should
have 15 liters per day available, but
In some cases demand for water from
catchments may be less than 15 liters.
If the quantity available ranges be-—~
tween 10 and 15 liters per person, the
system iIs suitable.

Priecities for Sewwce Selecion

The quantity of water available from
surface sources can now be determined.
Quantity is an important faccor but it
is not the only one. A suitable source
wust provide good quality water, and it

i
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must te relfiable. Another important
factor is that water shonld be
avaliable to the user at the lowest
possible cost.

When planning to select a sultable
source, it 1s useful to have a set of
guidelines. The first guideline
discussed here 1s sufficient water
quantity. If several sources offer
adequate quantity, a choice mast be
made among sources. Table 2 lists
priorities to consider when choosing a
source.

Table 2. Prioriies for Sface Water

j

Sowce Selecion
1 4
Priority System -
First Bo treatment or pumping
required
Second %o treatment but pumping
is required
Third Some treatment but no
pumping is required
Fourth Both treatmsent and pump-
l ing are required

These priorities are guldelines for
selecting the most appropriate source
among several alternative methods of
surface water development. fhe priori-
ties are established in order of ease
of construction, maintenance, and
financing of the system. Where no
treatment or pamping 1s required, a
system is easlier to develop, operate
and saintain. Moreover, the develop-
ment costs should be lower than for
systeas requiring treatment and
puasping. Once treatzent and pumping
are added to a water system, costs rise
ard a program for operation and main-
tenance must be established to ensure
constant operation. These extra costs
could make the development of the pro-—
Ject aifficult for 2 rural cosmunity.
When following the basic guidelines,
keep in mind other f{actors such as com-
munity preferences and available com-
munity resources.

No Treatment: Mo Pumping. A water
source which supplies abundant water
needing no treatmwent ‘hat can be dellv-
ered to the user by a gravity system
should be the first source considered.
Because no treatment or pumping is
required, the cost of developing,
operating and maintaining the system is
relatively low.

If a spring of sufficlient capacity
is available in, or mear, the com—
mmity, it could prove to be the best
source. WHater from a protected spring
generally needs no treatment. An ini-
tial disinfection applied after the
source is protected will be sufficlent
to ensure good water gmality. If
springs are found in hilly areas, they
can easily be developed to supply a
commmity with water through a gravity
flow system. Water from the spring
flous downhill into storage and then to
the distribution system.

Care must be taken to ensure
that there is an adequate head so water
will reach the users. Bead 1is the dif-
ference In water levels between Inflow
and outfliow ends and is an imsportant
concept in developing water systems.
The possibility of loss of water
pressure due to insufficient head is an
important consideration in determining
the suitability of a source. When
plamming to use any surface source,

especially a gravity flow source where
water is piped, see "Designing a
System of Gravity Flow,® RYS.A.D.1.

A stream or river in a highland
region with few inhabitants is another
source which probably will require
neither treatment nor pamping. In an
area wbere not many people live, fecal
contamination is not a likely problem
and treatment will not be pecessary.

In a hilly region, the water intake can
be located at a higher elevation than
the storage tank and the community.
This will allow use of a gravity flow
distribution system if head is suf-
ficient. Costs should be low, but
higher than for a spring because of the
task of constructing a viver intake.
Maintenance should be simple.

Rivers and springs that do not
require pumping or treatwent are good




sources of mater for a community
supply. Water from both souvrces is
often cool and tastes good to the
users. Generaliy, the source is
accessible and 1s one that the com-
sunity is accustomed to using. A pro-
Ject using water from these sources
will normally be accepted by the com-
sunity, and will offer them good water
at low cost.

¥o Treatment: 1 uired.

When a first priority source is either
not available or is inadequate, con-
sideration should be given to a source
that needs no treatment but requires
puping. Treatment can be very expen—
sive and requires specilal skills,
equipmsent, and a continued supply of

- treatment chemicals except where only
simpl:> settling iIs needed. -

Pumping devices, on the other hand,
can be simple, easy to install and
inexpensive, such as hand pumps. They
can also be gquite complicated and
expensive to operate and maintain, as
is true of power pumps. Whenever any
pump is installed, trained maintenance
people with access to spare parts will
be needed. HNechanical pumps require
energy and either electric power or
petroleum to operate.

In some cases, water from a natural
lake or pond may not need treatment for
use as a drinking source, especially if
it is located away from uninhabited
upland areas. . Thorough testing of the
water should be donme before using it
without treatment.

A river or stream is another source
of water that possibly can be pumped
without treatment. Several alter-
natives exist. A wechanical pump can
easily be installed in a mountain
stream where a gravity flow system is
not feasible. Where there is su’-
ficient fall anG wnlume of water in the
Stream, an inexpensive hydranlic ra=m
can be used to 1ift water to a storage
tank -

An infiltration well or infiltration
gallery may also provide water that
needs no treatment. Infiltration in-
takes are located on the banks of
streams and rivers. The stream water
that enters them flows through the

~

ground and 1is filtered. If properly
planned and designed, infiltration
wells and galleries can provide wmater
needing no treatment.

A hand pump can be installed on the
infiltration well and on the storage
well of infiltration galleries, if
water 1s to be used at the source.
water distribution 1s necessary, a
windmill or fuel-powered pump can be
installed.

Some Treatment; Mo E% Required.
In some circumstances, the y surface

Ir

.sources avaliladble to a community will

need treatment. Since treatment ean be

relatively expensive, a source which

requires some treatment bat no
pumping shculd be the next source con—
sidered.

Rain catchments offer a relatively
inexpensive method fzi providing water
to individual users. Water from a rair
catchment requires treatment because
dirt, bird and animal excreta and other
contaminants collect on the roofs of
houses between rainfalls. During a
rainfall, the contaminants are washed
into gutters and pipes and then into
the water collection cistern. TFo be
safe, this water must be filtered and
disinfected (see ®Methods of Water
Treatment,® RES.3.M). Rain catchments
offer a variable yield and should only
be considered where rainfall 1s ade-
quate. Where rainfall is abundant, the
system sbhould prove reliable.

A contaminated river or stre~am in a
hilly area is well-suited for a grav-
ity flow system. Where treatment is
necessary, water will flow through the
intake, through treatment and into
storage. This system may be very
expensive due to construction and con-
tinuing treatment costs.

The source requiring the least
treatment will cost less to develop.
The amount of treatment a source will
nzed must be determined before a source
is selected.

Treatment and ing Required.
all the alternatives mentioned, the
most expensive is that which requires
both treatment and pumping. Ponds,
lakes and most streams rit into this

of




il ittt

Water from ponds and lakes

category.
usually must be pumped and usually

requires treatment. If a pond 1s not
exposed to fecal contamination, treat-
ment may be a very simple process and
not very costly.

A pond or lake can be a very good
source of abundant and accessible water
and may be the only source avalilable
to a community. With proper management
of the watershed and with adequate
treatment, a pond or lake will be a
good source. An efficient system of
operation and maintenance must also be
established to ensure continuved func-
tioning of the system. Costs for this
kind of system are likely to be high.

Small ccamunity ponds, especlally
where manmade, usually are highly con-
taminated from waste and contaminated
run-off. Use of a contaminated com-
sunity pond is risky and treatment wmust
be very good to make the water potable.
Hater froa this type of pond should not
be used unless another good altermative
does not exist.

Direct use of water from a river or
stream usually requires that water be
pumped from the source and treated
before 1t is used by the community.
Water from rivers and streams in
lowland areas is especially likely to
be contaminated. Water gquality in
rivers and streams should always be
questioned because there are likely to
be sources of contamination upstream.
Only in mountain streams or where
infiltration galleries are used 1is
stream water likely to be good without
treatment.

Direct use of water from a river or

stream usuvally reguires that water be
from the source and treated

defore it 1is used by the community.
¥ater from rivers and streams in
loxland areas 1s especially likely to
be contaminated. Water guality in
rivers and streams should always be
guestioned because there are likely to
be sources of contamination upstream.
Only in mountain streams or where
infiltration galleries are used 1is
stream water likely to be good without
treataent.
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